This paper adds to the literature on wealth effects on consumption by disentangling house price effects on consumption for mainland China. In a stochastic modelling framework, the riskiness, rate of increase and persistence of house price movements have different implications for the consumption/housing ratio. We exploit the geographical variation in property prices by using a quarterly city-level panel dataset for the period 1998Q1 -2009Q4 and rely on a panel error correction model. Overall, the results suggest a significant long run impact of property prices on consumption. They also broadly confirm the predictions from the theoretical model.
Introduction
It is by now common knowledge that the housing bubble was the major, if not the only, cause of the subprime crisis and worldwide economic and financial crisis of [2007] [2008] [2009] . Just as the preceding property bubble had created dynamics that tended to be self-perpetuating, the dynamics of the broader economic crisis were also self-perpetuating, albeit in the opposite direction. Despite its importance, mainstream macroeconomics either treats housing as one of many consumption goods, or ignores the housing market altogether. On the other hand, conventional housing economics research for its part virtually ignores interactions with the macroeconomy.
With property prices soaring in China due to rapid economic growth, rising family incomes, accommodative monetary policy during the financial crisis, and continued migration to the cities, many economists worry that China risks being host to the next great property bubble set to burst.
Housing affordability in some of the larger cities such as Beijing, Hangzhou, Nanjing, Ningbo, Qingdao, and Shanghai has also become an increasingly prominent political issue. Being aware of the risk of derailing the housing market, the Chinese government has begun to lean against the wind, making an effort in Spring 2010 to gradually halt the climb in house prices. 1 In particular, downpayment requirements were raised across the country as a whole. For the second home, buyers must make a 50 percent down payment, even if it is their first mortgage. Minimum mortgage interest rates have also been increased. In property hot-spots like Beijing, buying a 3 rd home is prohibited. 2 Finally, out-of-towners have to prepay local taxes for a year. However, it remains an open question as to how effective these measures will be in quantitative terms. Based on early evidence, the measures seem to have succeeded in cooling the market, as the rise in housing prices flattened out in the summer of 2010.
A further measure to clamp down on the housing market is the possible introduction of a property tax throughout the country based on the value of housing.
Several papers have analysed the impact of housing wealth on consumption. Most of these studies, however, focus on the Anglo-Saxon or euro area countries. In contrast, the house price -consumption nexus in Asia is far less researched than in Europe and the US due to the paucity of disaggregated 1 Some observers argue that China´s inflated property prices are reminiscent of Japan's real estate bubble in the latter half of the 1980s, and believe the Chinese authorities, via accommodative monetary policy and a quasifixed exchange rate, are in danger of repeating the mistakes of their Japanese neighbours. The upward trajectory in Chinese housing prices, however, does not necessarily represent a bubble. Structural factors, including favourable demographics, increased urbanisation, rapid income growth and high household saving rates, have underpinned the buoyant demand. Any risk to financial stability due to falling housing prices is mitigated by the relatively low level of household indebtedness in China.
3 data. 3 This paper adds to the literature on house price effects on consumption by disentangling property price effects for mainland China. In a stochastic modelling framework, the riskiness, speed and persistence of house price movements have different implications for the consumption/housing ratio. We apply panel data techniques to a city-level dataset for mainland China. The heterogeneity present in the city-level data allows us to test whether the predictions from the theoretical model hold in the data, in addition to examining whether there is a significant overall impact of house prices on consumption in China.
The rest of the paper is organised as follows. Section 2 starts by looking at the impact of house prices on consumption from a theoretical perspective. Section 3 describes the data, outlines the econometric methodology and presents the empirical results. Section 4 concludes and the data are explained in appendices.
Housing-Consumption Model Setup
How are property prices and consumption interrelated? To what extent do house prices influence consumption? Which mechanism underlies the link between property prices and consumption? 4 To assess the importance of these and other factors, we construct a simple model along the lines of the work by Piazzesi et al (2007) and Flavin and Nakagawa (2008) , which incorporates an explicit role for housing. 5 A representative consumer's utility is a function of housing services and consumption of ordinary goods. 6 The consumer maximises his intertemporal utility by choosing his optimal consumption paths for non-housing goods and housing services (thus the stock of housing), applying a constant discount factor. Other durable goods are ignored here. The intertemporal utility V of the consumer is expressed as 
Note, that the envelope theorem yields To close our model, we assume standard CES preferences:
where ρ is related to substitution within the consumption basket over time, and α denotes "intratemporal" substitution between consumption and housing at t [see Piazzesi et al (2007) and Flavin and Nakagawa (2008) (10) 
Equation (11) shows that uncertainty about future housing prices has a positive impact on the future consumption/housing ratio for 1 0 < < α
, while uncertainty has a negative impact on the ratio for complements, 0
An important implication of the permanent income hypothesis is that households are likely to make smaller changes in consumption when they face (unexpected) transitory house price shocks than when they face permanent house price shocks. This implies that the relationship between consumer spending and house prices is more subtle than that reflected in equation (11). 10 In order to depict temporary vs.
permanent changes in house prices, we use the mean-reverting Ornstein-Uhlenbeck given by the stochastic differential equation (12) ( ) pdW pdt p e p dp gt σ μ
where μ is the speed of mean-reversion, σ is the risk parameter, W is a standard Wiener process, the housing price trend has an expected growth rate g, and 0 p is the initial price level of the mean/trend at t = 0.
11 The parameter μ determines the rate at which house price shocks dissipate and house prices revert to the mean/trend. In other words, the size of the parameter μ determines the perceived permanent-transitory decomposition of house price shocks.
12 This illustrates, in broad brushstrokes, how different types of shocks affect consumption.
It should be emphasized that the modelling setup incorporates an asymmetric treatment of income and house prices. Since China has not experienced typical business cycles, we assume that Chinese 9 The dangers of basing risk on average long-term house price volatility are that volatility can change very quickly, that extreme but infrequent house price declines tend to be discounted, and that possible future volatility may be overlooked. Furthermore, standard deviations based on past house price data ignore cross-correlations and systemic risk. It is clear that in the recent financial crisis 2008-2009 all four occurred. 10 The dramatic rise in Chinese house prices has prompted questions about whether there is a bubble in China´s housing market. According to the evidence from eight large cities in Wu et al. (2010) , housing markets look rather risky based on the affordability price-to-rent and price-to-income ratio measures. 11 Even equation (12) amounts to assuming that agents are perfectly certain that future market conditions are governed by this particular stochastic process. However, this assumption may be farfetched. Agents may think that other stochastic processes are also likely and may have no idea of the relative plausibility of these stochastic processes.
8 households´ perceptions are that GDP growth rates are not flashes in the pan. As a result, income shocks are considered permanent and expected future income prospects depend on current income.
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This simplification does not change the nature of our modelling results below.
As the consumption-housing ratio takes the functional form ( )
, it is not possible to obtain closed-form solutions for the consumption responses of equation (12). To tackle this problem, discrete-time numerical simulations are used to study households´ responses to perceived transitory and permanent shocks on h c . In order to get a clear "feel" for the dynamics of the model, we must first specify a solution method that will lead to discrete realizations of housing prices, given the chosen levels of parameters. Several options are available at this point, but the structure of the model points to use of a sequential iterations method. It works as follows. Equation (12) is proxied by the discrete stochastic differential equation (Euler scheme)
where the normal random variables, t ε , are generated via the central limit theorem and the Box-Muller (1958) method for transforming a uniformly distributed random variable to a normally distributed one with given mean and variance, and t Δ represents a small change in t.
In the calibration exercise below, we illustrate the model's properties, in particular the impact of different values of μ on the degree of mean reversion. 14 Our base parameters, chosen for realism, are p 0 = 0.65, p 0 = 0.65, Δt = 0.01. The baseline growth rate g = 0.03 is set in line with the trend growth rate of Beijing´s quarterly real house price index.
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We set σ = 0.2 and depict the results using values of μ ranging from 0.25 to 1.0 in the four panels of Figure 1 (the shock series and baseline specification are otherwise identical). We have computed highfrequency realisations of the stochastic process and then changed the frequency to a lower quarterly one, using one realization only. The deterministic trend line in the figure is the trend value for gt e p 0 .
The graphs show that larger values for μ imply less persistent shocks, i.e. there is a higher degree of mean-reversion to the deterministic trend line. The graph indicates that the house price -consumption nexus varies in response to changes in perceived uncertainty about the sustainability of house price gains/losses. An increase in σ renders housing more risky, which tends to reduce consumers´ willingness to invest in housing. Figure 3 displays a sensitivity analysis of the optimal c/h ratio vis-à-vis g and μ. Households will run down c/h if house price shocks are more temporary (higher μ) and raise c/h for higher growth rates of house prices g. This is a reminiscent of Lettau and Ludvigson (2004) .
The foregoing analysis provides a theoretical underpinning for the house price shock -consumption nexus. The next section offers descriptive evidence of the data used and presents the econometric methodology in some detail.
Empirical Application

Data
Prior to the econometric analysis, we describe the data set. Our panel dataset covers 35 major Chinese cities over the time period 1998Q1 to 2009Q4. 15 This 12-year period coincides with China's peak phase of urbanization and private housing market boom. The 35 major cities account for one quarter of the total urban population residing in more than 600 Chinese cities. These 35 major cities represent all municipalities directly under the federal government, provincial capital cities, and quasi provincial capital cities in China (see Figure 4) . For each city, we use data on consumption expenditure per capita, income per capita, and housing prices, the latter covering both residential and commercial property. 16 All city-level data are from the CEIC database, transformed into real terms by deflating by the consumer price index. 17 The property price indices used in our study are compiled by the National Bureau of Statistics and are based on sample surveys. Our sample includes more than 10,000 units Xining. The considerable cross-city heterogeneity in housing dynamics enables an examination of the effects of property price movements across cities but also provides useful information on the property price -consumption nexus for the economy as a whole.
Econometric Methodology
Panel methods are now widely used in cross sectional macro data sets, since they provide greater power than individual time series studies and hence greater efficiency. Empirical analysis of such datasets generally involves a system of N×T equations (N cities and T time observations) that can be estimated in different ways. The choice of the pooled cross-section time-series approach depends on the size of N and T. Pesaran et al. (1999) emphasized that there are two traditional methods for estimating panel models: averaging and pooling. The former involves running N separate regressions and calculating coefficient means. 19 A drawback to averaging is that it does not account for the fact that certain parameters may be equal over cross sections. Alternatively, pooling the data typically assumes that the slope coefficients and error variances are identical. This is unlikely to be valid for short-run dynamics and error variances, although it could be appropriate for the long run. Pesaran et al. (1999) proposed the PMG method, which is an intermediate case between the averaging and pooling methods of estimation, including aspects of both. The Pooled Mean Group Estimation (PMG) method restricts the long-run coefficients to be equal over the cross-section, but allows for the short-run coefficients and error variances to differ across groups on the cross-section. Given their shared institutional framework and common market, the assumption of common long-run parameters for all Chinese cities is a reasonable assumption. 20 In contrast, it is more difficult to assume homogeneity in the short-run dynamics. Formally, the PMG estimator is based on an Autoregressive Distributive Lag ARDL(p,q) model:
See, for example, the Mean Group (MG) estimator method suggested by Pesaran and Smith (1995) . 20 There are numerous cross-country studies investigating the role of housing wealth in consumption [see e.g. Hiebert and Roma (2010) ]. In these studies (albeit fruitful ones) it is difficult to circumvent the omitted variable bias. Substantial unobservable and/or immeasurable differences in institutions and policies make cross-country results problematic. This disadvantage of cross-country research can certainly be mitigated by using a withincountry dataset with greater homogeneity. In this respect, studies of China have a unique advantage. On the one hand, China is a rather centralised country with a unified administrative and political system. On the other hand, there are substantial cross-city differences in terms of GDP per capita.
where x it (k×1) is the vector of explanatory variables for city i, μ i represents the fixed effects, the coefficients of the lagged dependent variables (λ ij ) are scalars, δ ij are (k×1) coefficient vectors, and ε it is the usual error term. T must be large enough so that the model can be estimated for each cross section. 21 In our empirical model, y it denotes the property price index, and x it includes per capita consumption and income per capita. Equation (15) Secondly, the roots of equation (16) 
The long-run homogeneous coefficient is equal to
, which is the same across groups.
The PMG uses a maximum likelihood approach to estimate the model and a Newton-Raphson algorithm. The lag length for the model can be determined using, for instance, the Schwarz Bayesian Information Criteria. The estimated coefficients in the model do not depend on whether the variables are I(1) or I(0). 22 The key feature of the PMG is to make the long-run relationships homogeneous 21 Under large N and fixed T dynamic panel models with fixed effects imply a small-sample downward lagged dependent variable bias that has been shown analytically by Nickell (1981) . In order to avoid this bias the literature has focussed on instrumental variable estimation (GMM) applied to first differences. Examples include Arellano and Bond (1991) and Holtz-Eakin et al. (1988) . Unfortunately, the asymptotically efficient GMM estimator obtained after first-differencing has been found to suffer from substantial finite sample bias due to weak instruments. 22 The Hadri panel unit root test, allowing for heterogeneity in the series, suggests that the series are likely to be integrated of order 1, I(1). In the testing procedure, a constant and trend are included as deterministic terms for the series in levels, and a constant is therefore only included for the series in first differences. The null hypothesis of stationarity can be rejected for both housing prices and consumption in levels at 5 percent level. In contrast, for the same series in first differences, the null hypothesis of stationarity cannot be rejected. For income, we reject the null of stationarity in levels at 5 percent level. For the series in first differences, stationarity is still 15 while allowing for heterogeneous dynamics and error variances. 23 We test for long-run homogeneity using a joint Hausman test based on the null of equivalence between the PMG and Mean Group estimation. 24 Under the null hypothesis, the difference in estimated coefficients for the Mean Group and the PMG is not statistically different, and for PMG the estimate is more efficient.
Empirical Results
Our analysis is conducted in two stages. First, we examine whether there is any significant effect of housing prices on consumption. Second, exploiting the cross-sectional heterogeneity in housing price movements and the theoretical model specified above, we split the sample and examine whether there are differences between the consumption-response to the average rate of increase in house prices versus the riskiness of prices. The importance of persistence in house price shocks is analyzed using filtering techniques. We emphasize that while the theoretical model includes the consumption/housing ratio and the empirical analysis considers the response of consumption to housing price movements, the approaches are consistent with each other. A major motivation for buying a house in China is to save for the future. If higher housing prices lead to higher consumption, less money is available for housing purchases and saving (ceteris paribus); therefore the consumption/housing ratio should also increase.
Contrary to equations (10) and (11), we included income as an explanatory variable in (16).
Essentially any estimate of the property price effect on consumption is to some extent subject to endogeneity and may be due to a third common factor such as expected permanent income. We follow previous work in assuming that a large part of the house price dynamics is exogenous [Ho and Wong (2008) ]. More practically, we have included per capita income in the x it vector of explanatory variables to filter out any remaining endogeneity. In order to determine the lag length of the error correction model, we apply the conventional Akaike and Schwarz Bayesian information criteria.
Assuming a maximum lag length of 4 lags in levels for our quarterly data -allowing for one year of rejected at 5% level (p-value 0.03) but not at 1% level. We therefore continue with the assumption that the series are integrated of order one, which makes it possible that the series are cointegrated. 23 On the contrary, dynamic fixed-effects GMM estimators generally impose homogeneity of all slope coefficients, allowing only the intercepts to vary across cities. At the other extreme is the mean-group approach (MG) that consists of estimating separate regressions for each city and calculating averages of the city-specific coefficients. 24 As shown by Nickell (1981) , the downward lagged dependent variable bias depends on 1/T and is much less of a concern when T is large and of the same order of magnitude as N. In this latter case, heterogeneity of cities is a more serious problem, so that imposing homogeneity of all short and long run parameters could lead to inconsistent results [see e.g. Lee et al. (1996) ].
dynamics -both criteria suggest that three lags in first differences is indeed the optimal lag length for our model. Table 1 presents the results for this lag length, with standard errors in parentheses. Notes: Standard errors in parentheses. Column (1) gives Pooled Mean Group estimates for full sample. Column (2) omits 18 cities with the lowest average housing price growth rates and column (3) the 17 cities with the highest. Column (4) omits 18 cities with the lowest volatility in house price developments and column (5) the 17 cities with the highest. Column (6) gives the responses to permanent house price shocks and (7) to temporary house price shocks.
Our benchmark system, including all cities and all time periods, is shown in column (1). The adjustment coefficient is statistically significant and negative, and the estimated speed of adjustment is -0.502. The negative and statistically significant coefficient suggests that there is indeed cointegration between the variables, and the estimated consumption relation returns to long-run equilibrium. As the data are in logarithms, we can simply interpret the estimates as elasticities. The long-run income elasticity after consumption completely adjusts is estimated at 0.802, with a high statistical significance. Clearly, an income elasticity below one is feasible only if the saving rate is increasing over time. Our estimate for 35 large cities is in line with the empirical fact that the gross saving rate was increasing as a ratio to GDP in China during the time sample, from 40.2 percent to 52.3 percent of GDP. 25 Moreover, we find a statistically significant long-run impact of housing prices on consumption. 26 This fact is in line with findings of a number of empirical papers using datasets from various countries. 25 Using data from World Bank Development Indicators Database. 26 We also consider a robustness test whereby we shorten the sample by two years, first from the start of the sample period and secondly from the end. The results for the long-run importance of income and housing prices remain robust for these alternative samples. Interestingly, when the last two years are omitted -years when China experienced a rapid increase in housing prices and the government was concerned about real estate sector developments -the long run impact of housing prices on consumption becomes larger in magnitude.
Under long-run slope homogeneity, the pooled estimators are consistent and efficient. However, the (non-pooled) Mean Group estimator would provide consistent estimates as well, but these are inefficient if slope homogeneity holds. Therefore, we can test the effect of heterogeneity on the means of the slope coefficients by applying a Hausman-type test (see Pesaran et al. 1999 ). In our case, for the benchmark model (1), the Hausman test suggests that there is no systematic difference between the Mean Group and Pooled Mean Group estimates (p-value 0.15).
We additionally estimated the benchmark model, column 1, by including annual time dummies. These may capture time-varying precautionary saving motives such as healthcare expenditures and/or pension provisions, particularly by elderly households. 27 This "self-insurance" of Chinese households reflects saving as a response to uncertainty as to one's future financial situation and unanticipated future events. Furthermore, stock market wealth gains may affect the results, and returns from this market are also subsumed in the time dummies. However, none of the included time dummies were statistically significant.
Next, to link the empirical framework more closely to the predictions by the theoretical model, we split the sample according to average growth rates in housing prices and their riskiness. Finally, using filtering techniques, we explore the impacts of different types of housing price movements, i.e. permanent vs. transitory movements.
The theoretical model predicts that households raise consumption for higher growth rates of housing prices. We split the sample into the 17 cities with the highest average rates of increase in house prices during the estimation period and the 18 cities with the lowest average rates of increase. The results, presented in columns (2) and (3), respectively, confirm the predictions from the theoretical model: the long-run house price elasticity is high and statistically significant for the cities that experienced strong growth in house prices and statistically insignificant in the rest.
Another prediction from the theoretical model is that more risky housing prices lower consumers' willingness to invest in housing (and should increase the consumption/housing ratio accordingly). The results from splitting the sample in terms of house price volatility (standard deviation) into the 17 cities with highest volatility and the 18 with the lowest, are presented in columns (4) and (5). Again, the results confirm the suggestion from the theoretical model: in the cities with the riskiest housing price movements, consumption reacts more strongly to house price developments (column 4). In contrast, where housing price volatility is low (column 5), the reaction of consumption to housing price movements is not significantly different from zero. The results for Kalman-filtered housing price data are presented in column (6) for the permanent component and column (7) for the temporary component. As suggested by the theoretical model, permanent shocks in housing prices have a statistically significant impact on consumption. Further, our analysis suggests that the impact of temporary shocks on consumption is statistically significant and negative, which is in line with the prediction from our theoretical model that households run down the consumption-housing ratio if house price shocks are of the more temporary variety. 31 Using one 28 Structural time series models are now quite widely used, and a full description can be found in Harvey (1989) . The Kalman filter is the optimal filter for a linear model subject to Gaussian noise and therefore an indispensable tool for modelling information and learning. It also allows for the derivation of time-dependent coefficients in agents' optimal decision rules, and permits a neat application of Bayesian learning to updating optimal forecasting rules from period to period as new information becomes available. 29 For a thorough exposition of the state space methodology, the reader may refer to Harvey (1989) . From the state space form, the Kalman filter and the associated smoothing algorithm enable maximum likelihood estimation of the model parameters and signal extraction of the unobserved components, conditional on a set of initial parameters and the appropriate information set. 30 Estimation was carried out using the STAMP 6.0 software. Model selection criteria are based on Koopman et al. (1999) . First and foremost, it is suggested that the convergence of the numerical maximum likelihood estimation be examined. Koopman et al. (1999) suggest that strong convergence is a necessary condition for the models to be suitably specified and that failure to satisfy this condition could be a symptom of misspecification. Further goodness of fit statistics and diagnostics using the innovations, i.e. the one-step-ahead prediction errors, are provided in Appendix C. In most cases, the disturbances display the ideal conditions. Harvey et al. (1998) have stressed that time series models based on unobserved components are effective even in the presence of messy features such as outliers, structural breaks and non-Gaussian errors. 31 While the negative coefficient is quite large in magnitude, this is justified by the fact that the movements of the permanent component of housing prices are much larger than those of the temporary component (standard deviation of 0.145 for the former versus 0.018 for the latter).
standard error, the marginal propensity to consume out of permanent house price shocks is between 0.03 and 0.09.
Our estimates are relatively high, given that a conventional estimate of house price effects for the US is that an increase in house prices of $1 leads to an increase in consumption of 5 cents (Lettau and Ludvigson, 2004) . 32 Using US data at the state and national level, Case et al. (2005) and Benjamin et al. (2004) report estimates ranging from 0.05 to 0.09. Microstudies, such as Bostic et al. (2009) and Lehnert (2004) have found the elasticities to be between 0.04 and 0.06. The international evidence is more mixed: it ranges from 0.03 for Australia to 0.11 -0.17 for US regions (Case et al., 2005) . The marginal propensity to consume out of housing wealth in Slacalek (2009) (Lai, 2002; Cutler, 2004) . For China, the relatively large impact of house price changes on consumption can be understood in light of the fact that in an underdeveloped financial system with a limited number of assets, house ownership constitutes a major share of household wealth.
It is interesting to apply our estimate of 0.064 in column 1 of Table 2 to the Chinese economy in 2009.
In 2009, based on the property price index for 70 cities, real estate prices in China increased on average at an annualised rate of 5.8% in nominal terms. Deflated by CPI inflation, real estate prices increased by 2.3%, which translates to a 2.3×0.064 = 0.15% increase in consumption. Over the same period, the growth of consumption in real terms was 9.9%. Thus, 1.5% of Chinese real consumption growth in 2009 was driven by the property price increase. Using property price data for Beijing and Shanghai, and the evolution of per capita consumption in these cities in 2009, 6.5% of real consumption growth in Beijing and 3.5% in Shanghai were driven by the property price increase.
Conclusions
The aim of this paper is to shed light on the interplay between house prices and consumption in mainland China. In a stochastic modelling framework, the riskiness, speed and persistence of house price shocks have different implications for the consumption/housing ratio. Using available city-level house price panel data, we evaluate the link between property prices, income and consumption by estimating consumption equations. Data for 35 large cities indicate that during the time period of the analysis, 1998Q1 -2009Q4, the developments in housing prices have been quite heterogeneous across 32 In a recent study exploiting stickiness in consumption growth to distinguish between immediate and eventual wealth effects, Carroll et al. (2010) find that the immediate marginal propensity to consume from a $1 change in housing wealth in the US is about 2 cents, and the final eventual effect is about 9 cents. 20 geographic regions. This heterogeneity allows us to test the predictions from the theoretical model regarding the impacts of different factors -the volatility and growth rate of house prices and their persistence -on consumption. The benchmark results, obtained by the pooled mean group estimator,
show that there is a significant impact of overall housing price movements on consumption. Splitting the sample in terms of riskiness of housing prices and speed of asset price growth, we find that the cities with faster growth in housing prices and higher volatility show the strongest links between housing prices and consumption, in line with the theoretical model. Similarly, permanent shocks to housing prices have a positive and statistically significant impact on consumption, in stark contrast to temporary house price shocks. Summarizing, the results suggest a significant long run impact of property prices on consumption. Thus, we conclude that the strong rise in property prices over the past decade has had a significant effect on consumption spending in China. 
